Wehave studied the electronic structure ofpristine and potassium intercalated single-wall carbon nanotube bundles by means ofelectron energy-loss spectroscopy in transmission. It is shown that single-wall carbon nanotubes support both localized and delocalized electronic excitations which is a direct consequence of their one-dimensional structure. Fharthermore, the investigation of disordered, intercalated nanotube samples provides information about the charge carrier scattering rate and effective mass.
Introduction
Small structures with nanometer dimensions play an important and even growing role in biology, chemistry, physics and material science. Examples are the huge number of biomolecules which form the basis of life on earth,small particles which act as catalysts for a lot of chemical reactions, polymers and oligomers which have the potential to form the basis of novel organic opto-electronic devices. The discovery in 1985 of a third allotrope of carbon, the fullerenes [1], has presented science with a new class of nanostructures that are solely based on carbon. Fullerenes are closed carbon molecules with sphere-like shape, a hollow core and diameters below one nanometer. Within the large family of fullerene compounds and derivatives many fascinating and potentially useful properties have been found, among them superconductivity or ferromagnetism. Consequently, the discoverers of the fullerenes have been awarded the Nobel prize for chemistry in 1996.
In 1991 the family of pure carbon nanostructures has been enlarged by the discovery of carbon nanotubes [2] -very long fullerene molecules with lengths up to a few micrometers and a diameterofonly a few nanometers. The successful development ofa high yield mass production in 1996 [3] opened a new research field -the carbon nanotubes -exhibiting novel properties reaching from the "strongest fibers that can be made" to carbon based nanowires. In this article, electron energyloss spectroscopy (EELS) studies of the electronic structure of these new carbon nanostructures are presented. In the second chapter some ofthe issues relevant for the discussion of the electronic structure of the carbon nanotubes are introduced. Chapter 3 gives some details about the sample preparation and the experimental method, while the experimental results are presented and discussed in chapter 4. C h a p t e r 5 then gives a short summary. Carbon nanotubes have aroused great excitement in the recent years due to their unique physical properties which span an extremely wide range [4] . For instance, nanotubes have a very low weight while exhibiting a record high elastic modulus: they are predicted to be the strongest fibers that can be made [4] . Their high strength is accompanied by their ability to buckle in a reversible manner: when a tube is bent it does not fracture but buckles like a drinking straw. When the bending strain is released, the tube straightens out again [5] . Such remarkable mechanical properties are relevant for a n u m b e r of potential applications of carbon nanotubes. Furthermore, the electronic properties of carbon nanotubes are also exceptional and of particular interest. Recent results on the electronic structure of single-wall carbon nanotubes will be discussed in this article.
Carbon nanotubes were discovered in 1991 by Sumio Iijima in electron microscopy images [2] . He observed t u b u l a r objects during the study o f fullerene soot that has been produced in an arc discharge. They were identified as fullerene-like tubes that consist o f multiple shells whereby many tubes are arranged coaxially. In 1993 it was discovered that the use o f transition metals as catalyst leads to the formation o f carbon nanotubes with a single shell or wall only [6, 7] . T h e breakthrough in carbon nanotube research, however, was the discovery that single-wall carbon nanotubes can be produced with yields u p to 80 % using a l a s e r ablation technique [3] . In such a process, the tubes are formed with a narrow diameter distribution [3, 8, 9, 10] and they assemble in nanotube ropes -bundles o f parallel carbon nanotubes [3] . Later, it was shown that single-wall nanotubes can also be
